www.smj.org.sa Saudi Med J 2015; Vol. 36 )5( M ethanol is a clear and colorless alcohol that tastes and smells the same as ethanol, but causes much less behavioral intoxication. 1 It is commonly used in industry as a component of products such as antifreeze, windshield-wiper fluid, and model airplane fuel. 2 In the Kingdom of Saudi Arabia )KSA(, it can be found as a solvent in some brands of perfume and cologne. Ingestion of methanol may be accidental, or due to a suicide attempt. But the most common situation occurs as isolated episodes, or epidemics of methanol poisoning and its toxic optic neuropathy, which are seen due to the contamination of handmade liquor, smuggled alcohol, and so forth with methyl alcohol. 2, 3 Death from methanol toxicity has been reported to range between 8-36%, [4] [5] [6] and permanent loss of vision has been observed in another 20-40% of patients who survive the acute injury. 2, 5, 7 Vision loss is painless and often occurs in both eyes within one to 3 days; vision in some patients may either improve, or decline over subsequent weeks. 8 The optic disk in acute intoxication has a hyperemic appearance with edema of the peripapillary retina; 9 however, the optic nerve gradually becomes pale within 30-60 days after ingestion. Large, sluggishly reactive pupils have been reported to occur frequently in acute methanol poisoning, sometimes leaving both pupils permanently dilated. 5, 9 Neurological signs, such as confusion and coma are common in acutely hospitalized patients, and putaminal hemorrhage, and/or necrosis occur less frequently. 1, 2, 10 This study evaluates ophthalmologic, neurologic, and neuroimaging signs in 50 consecutive patients seen at 2 major ophthalmologic centers in KSA due to visual loss after methanol poisoning.
Methods. This is a retrospective case series of 50 consecutive patients seen at the King Khaled Eye Specialist Hospital or King Saud University hospitals, Riyadh, KSA between September 2008 and September 2014 who admitted to drinking unbranded alcohol, perfume, or cologne within one to 3 days before losing vision in both eyes. This paper has the ethical approval of the Research Department of King Khaled Eye Specialist Hospital and the Research Committee of the Ophthalmology Department of the King Saud University College of Medicine, Riyadh, KSA. Exclusion criteria included denial by patient and family of any experience that might have included methanol ingestion, or an obvious alternative diagnosis for the patient's neuro-ophthalmologic abnormalities. All patients received a complete neuro-ophthalmologic assessment during a stable clinical phase more than one month after exposure. Medical records, ophthalmologic testing, and neuroimaging were reviewed. None of the patients were examined during the acute phase of intoxication, but some had provided medical records and fundus photos from the time of initial evaluation elsewhere. A number of patients reported being treated with bicarbonate and folate and hemodialysis, but none received ethanol, or fomepizole. [5] [6] [7] 11 Patients were excluded from the study if documentation was inadequate for diagnosis or evaluation. Clinical characteristics were recorded, including gender, age, visual acuity, visual fields, pupillary reaction, fundus features, other neurological signs, and cranial and orbital neuroimaging observations. Goldmann perimetry was performed based on clinical indications.
Statistical analysis was performed using Statistical Package for Social Sciences version 14 )SPSS Inc., Chicago, IL, USA(. Snellen acuity was converted to the logarithm of the minimum angle of resolution )logMAR( when necessary for statistical analysis. Some patients were studied with a GE Discovery 3 Tesla MRI Unit using standard protocols.
Results. All patients reported acute, profound, painless, bilateral visual loss a month or more prior to evaluation. The demographic features of this patient population are presented in Table 1 . All 50 patients were male with a mean age of 38.1 years. No patient was examined after acute methanol intoxication, but several were able to provide fundus photography from their initial evaluation. Figure 1 illustrates the acute )approximately one week after methanol exposure( fundoscopic appearance in the eyes of 2 patients ) Figures 1A & 1B Discussion. This study evaluated 50 consecutive patients seen at 2 major ophthalmologic centers in KSA due to visual loss due to methanol poisoning. All were male, young, or middle aged, and sought ophthalmologic evaluation because of visual loss at least one month after methanol intoxication that was often severe. Mean VA was hand motions, and all 100 eyes had optic atrophy. In addition, almost one quarter of these 50 patients had neurologic signs )tremors and rigidity(, and more than one third of those receiving neuroimaging had putaminal necrosis. The minimum lethal dose of methanol is generally considered to be 30 ml of 40% methanol, but as little as 10 ml of methanol may cause blindness. 4, 9 Variability in lethal and blinding methanol doses between individuals is probably due to individual variation in susceptibility, concomitant ingestion of ethanol, unreliability of patient history regarding the amount ingested, and possibly other variations in individual susceptibility. For example, Prabhakaran et al 12 reported 2 young women who presented with methanol poisoning. They had similar plasma methanol concentrations at approximately the same time after ingestion, but one patient developed brain death, and the other recovered without sequelae. 12 The pathway of methanol metabolism 2 and some of the mechanisms of injury to the optic nerve 3,13 and brain 14, 15 are now relatively well understood. Methanol itself is relatively non-toxic and can be excreted unaltered through the lungs and kidneys. However, the major route of excretion is metabolism in the liver by alcohol dehydrogenase to formaldehyde, and then by formaldehyde dehydrogenase to formic acid. 1, 2, 16 Formaldehyde is relative toxic, but its levels after methanol ingestion typically remain relatively low because metabolism to formic acid occurs rapidly.
1 Formic acid is much more toxic because it easily invades cells, inhibits cytochrome c oxidase and aerobic metabolism, and induces acidosis, and a crisis of energy production. The metabolism of formic acid to CO 2 and H 2 O occurs slowly by pathways requiring folate, which is generally present in relatively low levels in the human liver. The selective optic nerve toxicity of methanol is striking and quite likely occurs because formic acid prevents mitochondrial oxidative phosphorylation by inhibiting cytochrome oxidase activity. Methanol studies by Hayreh et al and others [17] [18] [19] on animal models confirmed the action of methanol toxicity through inhibition of cytochrome oxidase in the laminar and retrolaminar regions of the optic nerve. Their histopathologic studies documented disruption of axonal flow, mitochondrial edema and clustering, fragmentation of neurotubules and neurofilaments, and axonal blistering. They also described alterations in glial cells, including astrocytic edema, and edema of the oligodendroglial cytoplasm.
The laboratory model created by Sadun 20 following an epidemic of toxic optic neuropathy in Cuba treated rats with high doses of formic acid. Optic disc edema was observed with prelaminar axonal vacuolization and mitochondrial changes. These findings may indicate that the prelaminar region of the optic nerve head is particularly vulnerable to a decrease in available energy, which is consistent with studies of the human optic nerve that show a line of high cytochrome oxidase activity anterior to the cribriform plate. 21 Other authors have described edema of oligodendrocytes in the retrolaminar region with progressive demyelination of the optic nerve. 13 Although the optic nerve appears to be the main target of methanol poisoning, studies in both humans and animals have demonstrated retinal toxicity as well. 3, 22 Peripapillary retinal edema is commonly observed after acute methanol intoxication. 9, 22 Murray et al, 23 using an experimental rat model of exposure to methanol, documented early alterations of the electroretinogram )ERG( followed by mitochondrial edema and disruption in the photoreceptor inner segment, retinal pigment epithelium, and optic nerve on subsequent electron microscopy.
A number of neuropathologic 14 and neuroimaging 24, 25 studies have described the typical central nervous system )CNS( pathology of methanol poisoning. The most common CNS injury is bilateral hemorrhagic or non-hemorrhagic necrosis of the putamen, occurring in roughly half of all patients. Other lesions commonly noted include diffuse white matter hypodensity and bilateral occipital necrosis. In addition, some patients develop necrosis of the subcortical grey and white matter, cerebellar cortical lesions, bilateral intracerebral hemorrhage, bilateral tegmental necrosis, and diffuse cerebral edema. The particular vulnerability of the putamen is not fully understood but may be related to higher concentrations of formic acid there, contributory blood flow patterns in the basal ganglia, increased metabolic sensitivity of striatal neurons to methanol metabolites, or increased vulnerability to apoptosis. Other disorders associated with similar putaminal lesions include CO 2 inhalation, hypoxic-ischemic injury, acute cyanide intoxication, certain mitochondrial DNA mutation syndromes, 26, 27 Wilson's disease, Kearns Sayre syndrome, and Leigh disease, most of which create a potentially toxic setting for mitochondria.
Optic nerve, retina, and basal ganglia are the tissues most at risk from methanol intoxication. The association of optic nerve damage and basal ganglia necrosis with mitochondrial disease has been recognized previously in the association of LHON with basal ganglia disease )LHON and dystonia(, although in this setting chronic basal ganglia disease usually precedes visual loss. 27 It is not clear why distal optic nerve and putamen share this vulnerability, although both likely have relatively high metabolic rates. In addition, optic nerve axons and putaminal neurons may share metabolic or apoptotic sensitivity to methanol metabolites, or formic acid and formaldehyde may accumulate in these structures in higher concentrations than elsewhere, or decreased blood flow may occur in short posterior ciliary arteries and the basal veins of Rosenthal due to hypotension. Under any circumstance, the acute involvement of both optic nerves and basal ganglia in a young or middle-aged man, often with acidosis, encephalopathy, and abdominal discomfort is very suspicious for methanol intoxication. Similar visual and neurologic injury to our patients has been reported previously in large outbreaks of methanol poisoning. 5, 7, 9 Usually, there is a latent period of 12-36 hours between the time of ingestion and the onset of visual symptoms, probably because of slow metabolism of methanol and gradual accumulation of formic acid. 3 Pupils are sometimes large and sluggish bilaterally. 9 Visual loss is painless, bilateral, and commonly severe; variable between patients )probably for a variety of reasons including volume ingested and age(; sometimes surprisingly asymmetric; and may either increase or decrease over the initial weeks after injury. 5, 7, 9 Possibly as many as one half of surviving patients exhibit some component of visual loss. 6 Accurate diagnosis and rapid treatment of methanol ingestion are necessary to prevent death, and to minimize the ocular and neurological sequelae. Restoration of normal pH is the first priority in treatment because this inhibits formic acid entry into cells and improves both survival and recovery of vision. 7 Sodium bicarbonate, hemodialysis, and/or peritoneal dialysis 1,28 may be necessary to treat the metabolic acidosis. 2 Classically, systemic treatment involves oral or intravenous ethanol, a competitive inhibitor of liver alcohol dehydrogenase )LADH(, the first step in methanol metabolism, aiming for blood concentration of approximately 22 mmol/L to avoid more CNS depression. 20 More recently, the ideal treatment includes correction of the systemic acidosis, 6 folate supplementation, inhibition of methanol metabolism using fomepizole, 11, 28, 29 an aldehyde dehydrogenase inhibitor and dialysis, often in combination. 8, 11, 29, 30 Folic acid analogs have been employed in the management of acute methanol intoxication. 20 Early treatment with oral or intravenous steroids, and vitamin B1 have been shown in several studies to improve final visual outcome, even if given as long as 4-10 days after ingestion. 31 Large epidemics of death and visual loss after methanol ingestion have been reported a number of times, [4] [5] [6] but the presentation of these patients in KSA was somewhat different than reported elsewhere. In general, the number of individuals involved in a particular episode of methanol exposure in KSA was less than 10, with ingestion occurring in a remote setting. On occasion, individuals drank unbranded alcohol, but most often methanol was obtained by mistake when individuals thought that ethanol, rather than methanol, was the solvent in purchased cologne or perfume. Individuals would typically seek medical attention within the next 12-48 hours because of abdominal pain, encephalopathy, and/or blurred vision, most often as a single patient and not as part of a larger group of affected individuals. Patients were often hesitant to admit to drinking alcohol, particularly in the presence of family members. This situation is complicated for emergency room personnel in KSA because a patient suffering from methanol intoxication can appear as an isolated affected individual hours after ingestion, sometimes critically ill with an inaccurate or incomplete history, and relatively non-specific signs and symptoms. Diagnosis in this setting depends on a high level of suspicion, 32 eliciting the typical history and symptoms, recognition of a substantial metabolic acidosis, and diagnosis of progressive visual loss. Unfortunately, most of the patients reported here were not correctly diagnosed, and received no treatment appropriate for methanol intoxication other than symptomatic treatment of acidosis. None received fomepizole, ethanol, or dialysis; a few were treated with intravenous methylprednisolone on the assumption that visual loss and optic disk edema were due to optic nerve inflammation, possibly with some effect. The ophthalmologic examination provides extremely useful information in this setting. Visual loss can be partial or complete, and can develop from hours to several days after methanol ingestion. The degree of pupillary light reflex impairment may reflect the severity of the systemic toxicity. 9 Other pertinent acute ophthalmologic observations included hyperemic or pallid optic disk edema that is often fairly mild and retinal edema extending along the arcades ) Figures 1A & 1B( . 3 Patients also sometimes have cystoid macular edema, pseudo-cherry red spot, retinal hemorrhages, and engorgement of retinal veins. Optic atrophy with or without deep excavation of the disk frequently develops weeks after severe intoxication ) Figures 1C & 1D( . 4, 9 Confirming the cause of visual loss during an ophthalmologic evaluation taking place a month or more after the inciting event was occasionally problematic. Patients sometimes needed to be questioned several times regarding events preceding visual loss or interviewed when family members were not present. Records from an initial hospitalization sometimes clarified the clinical circumstances, or at times patients would report that a friend or relative accompanying them at a party had died unexpectedly. Methanol injury is a particularly likely diagnosis in a young or middle-aged man with no major pre-morbid medical risk factors who has bilateral, relatively severe visual loss due to optic nerve disease, particularly if associated with acidosis and bilateral putaminal necrosis.
There are several limitations to this study. No patient was evaluated after acute methanol intoxication, although some patients were able to provide medical records and/or fundus photographs from a previous evaluation within the first week after exposure. Available information did not generally permit comparison between visual performance at the time of acute presentation, and the evaluation reported here that generally took place more than one month later. Ophthalmologic data were not available from patients who died before receiving medical attention, or while being cared for in an acute care facility. Similarly, no ophthalmologic data was available from patients who chose not to obtain an ophthalmologic evaluation because of visual loss. Finaly, this report may reflect a selection bias for more severe visual loss, since patients who recovered completely, or almost completely may not have sought ophthalmologic follow-up. Nevertheless, the visual acuities reported here are in general agreement with previous reports. [5] [6] [7] [8] [9] In conclusion, The discovery of simple diagnostic techniques and new therapies for methanol poisoning should be included in future studies to avoid dramatic loss of vision in patients.
